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Abstract
The aim of the present study was to investigate the effect of
long-term infliximab treatment on various autoantibodies in
patients with rheumatoid arthritis. Serum samples from 30
consecutive patients, who were prospectively followed during
infliximab and methotrexate therapy for refractory rheumatoid
arthritis, were tested at baseline and after 30, 54 and 78 weeks.
At these points, median values of the Disease Activity Score
were 6.38 (interquartile range 5.30–6.75), 3.69 (2.67–4.62),
2.9 (2.39–4.65) and 3.71 (2.62–5.06), respectively. Various
autoantibodies were assessed by standard indirect
immunofluorescence and/or ELISA. Initially, 50% of patients
were positive for antinuclear antibodies, and this figure
increased to 80% after 78 weeks (P = 0.029). A less marked,
similar increase was found for IgG and IgM anticardiolipin
antibody titre, whereas the frequency of anti-double-stranded
DNA antibodies (by ELISA) exhibited a transient rise (up to
16.7%) at 54 weeks and dropped to 0% at 78 weeks.
Antibodies to proteinase-3 and myeloperoxidase were not
detected. The proportion of patients who were positive for
rheumatoid factor (RF) was similar at baseline and at 78 weeks
(87% and 80%, respectively). However, the median RF titre
exhibited a progressive reduction from 128 IU/ml (interquartile
range 47–290 IU/ml) to 53 IU/ml (18–106 IU/ml). Anti-cyclic
citrullinated peptide (CCP) antibodies were found in 83% of
patients before therapy; anti-CCP antibody titre significantly
decreased at 30 weeks but returned to baseline thereafter. In
conclusion, the presence of anti-double-stranded DNA
antibodies is a transient phenomenon, despite a stable increase
in antinuclear and anticardiolipin antibodies. Also, the evolution
of RF titres and that of anti-CCP antibody titres differed during
long-term infliximab therapy.
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Introduction
Tumour necrosis factor (TNF)-α inhibitors have proven to
be highly effective in the treatment of rheumatoid arthritis
(RA); they reduce disease activity and delay radiographic
progression, with quite a good safety profile [1,2]. Side
effects of anti-TNF-α treatment include an increased risk for
infection and induction of autoantibodies such as antinu-
clear antibodies (ANAs) and anti-double-stranded (ds)DNA
antibodies [3,4]. In particular, anti-dsDNA antibodies were
found in 5–20% of RA patients treated with either infliximab
(anti-TNF-α chimeric monoclonal antibody) or etanercept
(human soluble TNF-α receptor p75 fusion protein), even
though development of a lupus-like illness was encoun-
tered rarely [3-8].
The mechanism responsible for the production of these
autoantibodies during anti-TNF-α therapy has not been
clearly defined. Treatment with TNF-α inhibitors dramati-
cally reduces levels of C-reactive protein, which is involved
in the clearance of apoptotic bodies [9,10]. There is evi-
dence that apoptosis is among the most influential factors
in autoimmunity [11], and TNF-α plays an important role in
apoptosis [12]. Furthermore in Crohn's disease it has
recently been shown that infliximab can bind activated T
aCL= anticardiolipin; ACR = American College of Rheumatology; ANA = antinuclear antibody; ANCA = antineutrophil cytoplasmic antibody; CCP = 
cyclic citrullinated peptide; ds = double-stranded; DAS 28 = Disease Activity Score; DMARD = disease-modifying antirheumatic drug; ELISA = 
enzyme-linked immunosorbent assay; EMA = antiendomysial antibody; ENA = extractable nuclear antigen; IIF = indirect immunofluorescence; MPO 
= myeloperoxidase; PBS = phosphate-buffered saline; PR3 = serine protease 3; RA = rheumatoid arthritis; RF = rheumatoid factor; SLE = systemic 
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cells and monocytes, inducing apoptosis [13,14]. Finally,
inhibition of TNF-α – a pivotal T-helper-1 cytokine – could
favour a T-helper-2 response, leading to an increased
(auto)antibody production.
Although many studies have investigated the ANA and anti-
dsDNA antibody profile in RA, as well as in other chronic
inflammatory diseases, after anti-TNF-α treatment [15,16],
only few data are available regarding the behaviour of these
antibodies after the first 6 months of treatment in RA. Fur-
thermore, no data are currently available in RA patients
regarding the long-term effect of anti-TNF treatment on
other autoantibodies, including rheumatoid factor (RF) and
anti-cyclic citrullinated peptide (CCP) antibodies, levels of
which are related to the severity of the rheumatoid process
[17-20] and could be reduced by an effective antirheumatic
therapy [21].
The present study was conducted to evaluate a large panel
of autoantibodies, including RF and anti-CCP antibodies, in
a cohort of RA patients prospectively followed during 78
weeks of treatment with infliximab.
Materials and methods
Patients
Thirty-nine consecutive patients fulfilling the American Col-
lege of Rheumatology (ACR) classification criteria for RA
[22] started treatment with infliximab plus methotrexate
between June 2000 and June 2001 at the Department of
Rheumatology of the Pavia University Hospital and were
prospectively followed up.
Thirty patients completed 78 weeks of therapy, and their
autoantibody profiles were evaluated after informed con-
sent, according to the local ethical committee recommen-
dations, had been obtained. Four patients dropped out
because of side effects; in three patients infliximab was
stopped between 14 and 30 weeks because of lack of clin-
ical response; one patient was lost to follow up because of
change of residence; and one was lost to follow-up after 14
weeks because of unsatisfactory response and fear of
potential side effects (information obtained by telephone
contact). The demographical and clinical characteristics of
the 30 patients studied are shown in Table 1.
Before infliximab treatment was begun, all patients had a
Disease Activity Score (DAS 28) [23] greater than 4.9
despite combination therapy with at least two conventional
disease-modifying anti-rheumatic drugs (DMARDs),
including methotrexate. No patient had an infectious dis-
ease, active or latent tuberculosis, neoplastic disease,
heart failure, cytopenia, or a demyelinating disorder.
Infliximab (3 mg/kg) was administered intravenously at 0, 2
and 6 weeks, and then every 8 weeks along with methotrex-
ate (15–20 mg/week), according to the ATTRACT protocol
[3]. Nonsteroidal anti-inflammatory drugs and oral pred-
nisone (= 7.5 mg/day) were also permitted. A careful clini-
cal evaluation was conducted in all patients just before
each infliximab infusion. Response to therapy was evalu-
ated according to the ACR response criteria [24], as well
as by changes in DAS 28 [23] and serum C-reactive pro-
tein levels.
Serum samples for detection of autoantibodies were col-
lected, and stored at -70°C, just before the first infliximab
infusion and at 30, 54 and 78 weeks of therapy. Serological
investigations were carried out at the end of the study in all
serum samples taken at the different time points. Thirty age-
matched and sex-matched healthy blood donors were
investigated as a control group.
Antinuclear antibodies
ANAs were tested by a standard indirect immunofluores-
cence (IIF) technique as previously described [25], using a
BX 51 Olympus fluorescence microscope (Olympus Opti-
cal Co., Hamburg, Germany) at 40 × power. Serum was
Table 1
Main demographic and clinical characteristics of the present 
series (30 patients)
Parameter Value
Age (years) 57.13 ± 9.21
Female/male 24/6
Duration of disease (years) 9.43 ± 8.97
Number of of tender joints 16.46 ± 9.1
Number of swollen joints 6.83 ± 4.814
RF positivity 86.70%
Joint erosions 100%
Serum CRP (mg/dl) 3.85 ± 2.74
DAS 28 6.1 ± 1.025
HAQ 1.78 ± 0.422
Previous DMARDs
Methotrexate 30
Hydroxycloroquine 26
Sulfasalazine 18
Cyclosporin A 19
Gold (intramuscular) 3
Leflunomide 1
Azathioprine 1
Where applicable, values are expressed as ± standard deviation. 
CRP, C-reactive protein; DAS 28, Disease Activity Score; DMARD, 
disease-modifying antirheumatic drug; HAQ, Health Assessment 
Questionnaire; RF, rheumatoid factor.Available online http://arthritis-research.com/content/6/3/R264
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first diluted 1:80 in phosphate-buffered saline (PBS) and
overlaid onto fixed Hep2 cell slides (Immuno Concept, Sac-
ramento, CA, USA) in a moist chamber for 30 min at room
temperature. Slides were then rinsed and washed twice in
PBS for 10 min. A fluorescein-labelled antibody specifically
directed toward human IgG (γ chains; Delta Biologicals,
Pomezia, Italy) was used as fluorescence conjugate. The
positive samples (titer = 1:80) were then evaluated at
increasing dilutions in PBS up to 1:640.
Anti-double-stranded DNA antibodies
Anti-dsDNA antibodies were determined both by IIF and
quantitative ELISA. IIF was performed at 1:10 serum dilu-
tion in PBS using Crithidia luciliae as substrate (INOVA,
San Diego, CA, USA) and antihuman IgG (γ chain specific)
as fluorescence conjugate (Delta Biologicals). ELISA was
performed using a commercially available kit (Axis-Shield,
Dundee, UK) according to the manufacturer's recommen-
dations. Alkaline phosphatase-labelled murine monoclonal
antibodies to both human IgG and IgM (heavy and light
chains) were used. The absorbance was read at 550 nm.
Serum samples were evaluated in triplicate and the median
value was considered. The upper normal limit, according to
the recommendations of the manufacturer, was 30 UI/ml.
Anticardiolipin antibodies
Commercially available ELISA kits (Orgentec Diagnostika,
Mainz, Germany) were used to detect IgG anticardiolipin
(aCL) and IgM aCL, by means of a peroxidase conjugate
solution of either polyclonal rabbit antihuman IgG (heavy
and light chains) or polyclonal rabbit antihuman IgM (heavy
and light chains) according to the manufacturer's instruc-
tions. The absorbance was read at 450 nm. Serum samples
were evaluated in triplicate; the upper normal limits were 10
U/ml for IgG aCL and 7 U/ml for IgM aCL.
Rheumatoid factor and anti-cyclic citrullinated peptide 
antibodies
IgM RF was measured by immunonephelometry using the
quantitative N Latex RF system (Dade Behring, Marburg,
Germany). RF concentrations higher than 15 IU/ml were
considered positive.
Anti-CCP antibodies were tested using a new, second gen-
eration, commercially available ELISA kit (Axis-Shield).
Briefly, 100 µl anti-CCP standards (0, 2, 8, 30 and 100 U/
ml), controls and patient samples (1:100 in PBS) were dis-
tributed into the appropriate wells. The microtitre plates
were coated with a highly purified synthetic cyclic peptides
containing modified arginine residues. After incubation for
60 min, the wells were washed three times with 200 µl
wash buffer (borate buffer, 0.8% [weight:volume] sodium
azide). The microplates were then incubated for 30 min at
room temperature with alkaline phosphate-labelled murine
monoclonal antibody to human IgG and washed again
three times. A chromogenic substrate solution (Mg2+ phe-
nolphthalein monophosphate buffered solution) was added
to each well. After 30 min the reaction was stopped using
sodium hydroxide–EDTA–carbonate buffer. The absorb-
ance was read at 550 nm. Serum samples were evaluated
in triplicate, and the upper normal limit (5 UI/ml) was
assumed according to the manufacturer's recommenda-
tions. In order to follow the changes in antibody levels dur-
ing therapy, all serum samples exhibiting a high
concentration (= 100 U/ml) were evaluated after a further
10 × dilution and then corrected for this additional dilution
factor.
Other autoantibodies
Anti-extractable nuclear antigen (ENA) antibodies were
evaluated in triplicate using commercially available ELISA
kits (Axis-Shield) according to the manufacture's recom-
mendations. The following single ENA specificities were
investigated: Sm, RNP, SSA(Ro), SSB(La), Scl-70 and
Jo1.
Antineutrophil cytoplasmic antibodies (ANCAs) directed
toward serine protease 3 (PR3) and myeloperoxidase
(MPO) were also assessed using commercial ELISA kits
(Axis-Shield). Serum samples were evaluated in triplicate,
and the upper normal limit was assumed according to the
recommendations of the manufacturer.
Anti-endomysial antibodies (anti-EMAs) were detected by
IIF at 1:10 serum dilution in PBS using monkey oesopha-
gus as a substrate (INOVA) and antihuman IgA fluores-
cence conjugate (INOVA).
Statistical analysis
Fisher's exact test was run to evaluate the differences
between the number of patients with a positive result
before and after therapy. Wilcoxon's test was used to ana-
lyze variation in continuous variables. Statistical analysis
was conducted using INSTAT2 software (Graphpad Inc.
San Diego, CA, USA.)
Results
Response to therapy
ACR20 response was attained by 87% of patients at 30
weeks, by 80% at 54 weeks, and by 63% at 78 weeks.
ACR50 percentages were 60% at 30 and 54 weeks, and
47% at 78 weeks. ACR 70 percentages were 33%, 43%
and 30%, respectively.
During the course of the study the median DAS 28 value
significantly decreased from 6.38 (interquartile range
5.30–6.75) to 3.71 (interquartile range 2.62–5.06), and
the serum C-reactive protein levels from 3.2 mg/l (inter-
quartile range 2.23–4.5 mg/l) to 0.65 mg/l (interquartile
range 0.38–1.38 mg/l; Fig. 1).Arthritis Research & Therapy    Vol 6 No 3    Bobbio-Pallavicini et al.
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Frequency of autoantibodies
ANAs were found in 15 patients (50%) at baseline and in
24 patients (80%) at 78 weeks (P < 0.0292). Fourteen
patients were ANA positive at baseline as well as at all fol-
low-up points, whereas 1 patient with a 1:80 ANA titre at
baseline became ANA negative from 30 weeks. Seven
patients became ANA positive at 30 weeks, and two addi-
tional patients did so at 54 weeks. All these patients were
still positive at 78 weeks. Only one patient became positive
at 78 weeks. The fluorescence ANA pattern was homoge-
nous in 75% of cases after infliximab treatment.
The frequency of the other autoantibodies did not change
significantly from baseline to 78 weeks (Table 2). The num-
bers of patients who were positive for anti-dsDNA antibod-
ies at baseline, 30, 54 and 78 weeks were 2, 3, 5 and 0 by
ELISA and 1, 1, 2 and 1 by IIF, respectively. The two anti-
dsDNA antibody positive patients at baseline by ELISA
remained positive at 30 weeks of study, but only one of
them was still positive at 54 weeks and none were at 78
weeks. The only anti-dsDNA antibody positive patient by IIF
at baseline was also positive by ELISA and remained posi-
tive during the follow-up period. Regarding anti-ENA anti-
bodies, three patients were positive for anti-SSA(Ro)
before infliximab and one additional patient became posi-
tive during treatment.
At the end of the study, one patient was found to have low
levels of IgG aCL, two were found to have low levels of IgM
aCL, and one patient was positive for both. No patient was
positive for anti-MPO or anti-PR3 antibodies, or EMAs
either before treatment or during follow up.
Twenty-six patients (87%) were positive for RF at the
beginning of the study and 24 (80%) at 78 weeks, because
two patients became RF negative during the course of ther-
apy. Twenty-five patients were positive for anti-CCP anti-
bodies (83.3%), and this figure did not change at 78
weeks. Two patients with borderline values at baseline had
a negative test at 30 and 54 weeks, and a low-level positive
test at 78 weeks.
Only one out of 30 healthy control individuals had positive
ANA test (1:160) and one additional individual had border-
line (15 IU/ml) RF levels.
Autoantibody titre
ANA titre significantly increased during infliximab treat-
ment. Also, a progressively increased concentration was
found for aCL (either IgG or IgM), whereas anti-dsDNA
antibody concentration, measured by ELISA, exhibited a
transient rise at 30 and 54 weeks and returned to baseline
at 78 weeks (Fig. 2).
The RF titres exhibited a progressive and significant reduc-
tion from baseline to 30, 54 and 78 weeks. However, anti-
CCP antibody titres exhibited a significant reduction only at
30 weeks (Fig. 3). After 78 weeks reduction by 50% or
more in RF titre with respect to baseline was found in 15
patients, whereas such a reduction in anti-CCP antibody
titre was noted only in two patients. No difference was
found among responders and non-responders (according
to ACR 20 criteria) in RF and anti-CCP antibody titres
either at baseline or at 78 weeks.
Figure 1
Changes in disease activity in 30 patients with rheumatoid arthritis at  different times during 78 weeks of infliximab therapy as determined by  (a) Disease Activity Score (DAS 28) and (b) serum C-reactive protein  levels Changes in disease activity in 30 patients with rheumatoid arthritis at 
different times during 78 weeks of infliximab therapy as determined by 
(a) Disease Activity Score (DAS 28) and (b) serum C-reactive protein 
(CRP) levels. The diamonds indicate median values, vertical bars indi-
cate the interquartile range, and dotted lines indicate the upper normal 
limit.
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Autoantibody associated clinical manifestations
A 34-year-old woman developed malar rash and a mild
arthritis flare along with the appearance of anti-dsDNA anti-
bodies (detected by both IIF and ELISA) after 30 weeks of
therapy. No other signs of systemic lupus erythematosus
(SLE) were present, complement levels were normal, and
hemoglobin, blood cell counts and urinalysis were normal.
Infliximab therapy was not stopped; both malar rash and
anti-dsDNA antibodies disappeared after a few weeks and
did not recur thereafter. No other clinical signs of SLE or
antiphospholipid syndrome were found in the patients
studied.
Discussion
Induction of ANAs and anti-dsDNA antibodies during treat-
ment with anti-TNF-α agents was highlighted in clinical tri-
als and in postmarketing surveillance [3,4]. In a recent
study, detection of ANAs among RA patients was reported
to increase from 51.6% to 82.3% after treatment with inf-
liximab plus methotrexate, and even higher figures were
reported in patients with ankylosing spondylitis who were
treated with slightly higher infliximab doses without meth-
otrexate comedication [7]. In the same study anti-dsDNA
antibodies, demonstrated by both IIF and ELISA, devel-
oped in 11.3% of RA patients after 30 weeks. Interestingly,
all of the anti-dsDNA antibodies after infliximab were of IgA
and/or IgM isotype, whereas it is known that lupus-associ-
ated anti-dsDNA antibodies are classically of the IgG iso-
type [26,27]. This may explain why the actual incidence of
SLE or related disorders after infliximab treatment is very
low despite a significant rise in anti-dsDNA antibodies [3].
Nonetheless, several cases of anti-dsDNA antibodies asso-
ciated with clinical manifestations of SLE have been
reported in RA patients treated with infliximab or etanercept
[28-35], and in all but one case [33] these clinical features
disappeared completely after stopping treatment.
The results of the present study confirm induction of ANAs
and anti-dsDNA antibodies after 30 and 54 weeks of treat-
ment. Our findings are very similar to those reported by De
Rycke and coworkers [7] after 30 weeks of therapy using
comparable assays. ANAs were present in 50% of patients
before therapy and in 76.7% after 54 weeks; anti-dsDNA
antibodies were detected by ELISA in 6.7% before therapy
and in 16.7% after 54 weeks. Regarding anti-dsDNA anti-
bodies detected using IIF, we used a fluorescence-labelled
conjugate specifically directed toward human γ chains in
order to detect only the IgG anti-dsDNA that are strictly
associated with SLE [26,27]. As expected, the frequency
of these antibodies was lower, and only one patient con-
verted from negative to positive during infliximab treatment.
At long-term analysis, up to 78 weeks, there was a progres-
sive increase in the percentage of ANA-positive patients
without any clinically relevant manifestations. Unexpect-
edly, however, the percentage of anti-dsDNA antibody pos-
itive patients returned to baseline, suggesting that the
development of the latter autoantibodies may represent a
transitory phenomenon that occurs only during the early
phases of treatment. Further studies on larger series are
Table 2
Frequency of the autoantibodies assessed before therapy and at different times after initiation of infliximab treatment
Antibody Positivity (n [%]) P valuea
Before therapy From start of infliximab treatment
30 weeks 54 weeks 78 weeks
ANA 15/30 (50) 21/30 (70) 23/30 (76.7) 24/30 (80) 0.0292
Anti-dsDNA (ELISA) 2/30 (6.7) 3/30 (10) 5/30 (16.7) 0/30 (0) 0.4915
Anti-dsDNA (IIF) 1/30 (3.3) 1/30 (3.3) 2/3 (6.7) 1/30 (3.3) -
Anti-ENAb 3/30 (10) 4/30 (13.3) 4/30 (13.3) 4/30 (13.3) 0.999
aCL IgG 0/30 (0) 1/30 (3.3) 2/30 (6.7) 2/30 (6.7) 0.4915
aCL IgM 0/30 (0) 1/30 (3.3) 2/30 (6.7) 3/30 (10) 0.2373
ANCA 0/30 (0) 0/30 (0) 0/30 (0) 0/30 (0) -
RF 26/30 (86.7) 27/30 (90) 25/30 (83.3) 24/30 (80) 0.7306
Anti-CCP 25/30 (83.3) 22/30 (73.3) 22/30 (73.3) 25/30 (83.3) -
EMA (IIF) 0/30 (0) 0/30 (0) 0/30 (0) 0/30 (0) -
aComparison between 0 and 78 weeks. bOnly anti-SSA(Ro) reactivity was found. ACL, anticardiolipin; ANA, antinuclear antibody; ANCA, 
antineutrophil cytoplasmic antibody; CCP, cyclic citrullinated peptide; DAS 28, Disease Activity Score; ds, double-stranded; ELISA, enzyme-
linked immunosorbent assay; EMA, antiendomysial antibody; ENA, extractable nuclear antigen; IIF, indirect immunofluorescence; RF, rheumatoid 
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needed to confirm this. However, it is interesting that
almost all of the anti-TNF therapy-induced lupus syndromes
were reported within the first year of treatment [2,6,28-35].
Furthermore, the one patient in the present study who
developed lupus-like clinical features along with anti-
dsDNA antibodies exhibited a spontaneous regression of
both clinical symptoms and anti-dsDNA antibodies, even
though infliximab treatment were not stopped.
Transient spikes in aCL antibody levels were occasionally
reported following bacterial infections in RA patients
treated with infliximab [36]; however, the aCL antibody pro-
file has not previously been systematically studied in rela-
tion to anti-TNF therapy [37]. We observed a significant
increase in aCL antibody titres, starting from 30 weeks for
IgM antibodies and at 78 weeks for IgG antibodies. How-
ever, in most cases the levels did not exceed normal limits,
even after 78 weeks, and none of the patients exhibited any
clinical feature related to the antiphospholipid syndrome.
Longer follow up will clarify whether aCL antibody titres
may further increase and whether antiphospholipid related
disorders, such as thrombosis, may develop during long-
term treatment.
The development of new anti-ENA reactivity, namely anti-
SSA(Ro) and SSB(La), has occasionally been reported in
previous studies [7]. About 10% of the patients we studied
were positive for anti-SSA(Ro) at baseline (a percentage
that is to be expected in RA patients from our country [38]),
and one additional patient developed anti-SSA(Ro) during
treatment without associated clinical features. Anti-ENA
reactivity other than anti-SSA(Ro) was not detected.
We also analyzed other autoantibodies that have not been
thoroughly investigated in RA in relation to anti-TNF-α treat-
ment until now. The most relevant findings pertain to RF
and anti-CCP antibodies, because no reactivity at all was
found for MPO-ANCAs and PR3-ANCAs or for EMAs.
Figure 2
Changes in the serum concentrations of (a) antinuclear antibodies, (b) anti-double-stranded DNA antibodies, (c) anticardiolipin IgG and (d) aCL  IgM in 30 RA patients at different times during 78 weeks of infliximab treatment Changes in the serum concentrations of (a) antinuclear antibodies (ANAs), (b) anti-double-stranded (ds)DNA antibodies, (c) anticardiolipin (aCL) 
IgG and (d) aCL IgM in 30 rheumatoid arthritis  patients at different times during 78 weeks of infliximab treatment. In the graphs shown in panels b-d 
the reported values always remained below the upper normal limits, which were 30 IU/ml for anti-dsDNA antibodies, 10 U/ml for IgG aCl and
7 U/ml for IgM aCL. The diamonds indicate median values, and vertical bars indicate the interquartile range.
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At baseline RF and anti-CCP antibodies were present in
most cases, as expected in patients with severe, erosive
RA refractory to conventional DMARD therapy [17-19].
Although we did not identify any change in the number of
positive patients, in the present study we found a signifi-
cant decrease in the titres of both anti-CCP antibodies and
RF after 30 weeks of infliximab therapy. These findings sug-
gest that serial evaluations of these antibodies could be
useful in monitoring the clinical course of RA patients
undergoing treatment with infliximab. Decreased produc-
tion of RF has been reported in association with successful
treatment with conventional DMARDs such as methotrex-
ate and gold salts [21]. However, we observed a different
evolution of RF titres with respect to anti-CCP antibody
titres during long-term therapy. At 54 and 78 weeks, RF
titres exhibited a progressive decrease whereas no
decrease was observed for anti-CCP antibody titres,
despite the persistence of clinical improvement as indi-
cated by DAS 28.
The decrease in RF titre roughly paralleled DAS 28 values,
suggesting that this measure could be regarded as an addi-
tional marker of disease activity, although we did not find
significant correlations between changes in RF and ACR
response. This lack of correlation might be due to a type 2
error related to the small sample size and, at least in part, to
the fact that four patients who stopped therapy before 34
weeks because of inefficacy had to be excluded from the
analysis. A further prospective study in a larger series of RA
patients comparing responders and nonresponders is now
in progress.
The mechanisms by which infliximab could lead to a
decrease in titres of autoantibodies such as RF and anti-
CCP are not understood and any explanation remains
speculative. Infliximab therapy has proven to reduce the
amount of synovium infiltrating cells, including plasma cells
[39]. Because RF-producing cells are present in inflamed
rheumatoid synovium and the local environment may favour
synovial RF production [40], we can speculate that the
reduction in inflammatory lymphoplasmacytic infiltrate in
rheumatoid synovium will lead to a reduced production of
RF. Our data also suggest that generation of RF and anti-
CCP antibodies may be controlled in a different manner in
RA, because inhibition of RF appears to be more depend-
ent on TNF-α blockade and more persistent than inhibition
of anti-CCP antibodies.
Conclusion
In conclusion, several autoantibodies can be induced by
infliximab therapy; however, levels of these autoantibodies
may evolve differently during long-term follow-up in RA. The
development of ANAs was persistent up to 78 weeks of
therapy, as was the rise in aCL antibody titre, without any
related clinical manifestations. On the contrary, the pres-
ence of anti-dsDNA antibodies appeared to be an early but
transient phenomenon, lasting about 1 year. This might
explain why almost all of the infliximab-induced lupus syn-
dromes were reported within the first year of treatment in
RA.
No differences in RF and anti-CCP antibody positivity were
observed even though a significant reduction in RF and
anti-CCP antibody titres was found during the course of
treatment. The reduction in RF titre was more pronounced
and persistent than that of anti-CCP antibodies, suggest-
Figure 3
Changes in the serum titre of (a) rhematoid factor and (b) anti-cyclic  citrullinated peptide antibodies in 30 patients with rheumatoid arthritis  at different times during 78 weeks of Infliximab treatment Changes in the serum titre of (a) rhematoid factor (RF) and (b) anti-
cyclic citrullinated peptide (CCP) antibodies in 30 patients with rheu-
matoid arthritis at different times during 78 weeks of Infliximab treat-
ment. The diamonds indicate median values, vertical bars indicate the 
interquartile range, and dotted lines indicate the upper normal limit.
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ing that the production of these antibodies may follow dif-
ferent regulatory pathways.
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